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Abstract 


An  evaluation  of  skills  and  abilities  that  could  conflict  with  each  other 
during  multi-task  performance  of  driving  and  mobile  telephone  usage  was 
performed  using  Fleishman’s  taxonomy  of  human  performance  with  data 
collected  using  the  job  assessment  software  system  computer-based 
survey  tool.  A  literature  review  of  mobile  phone  use  during  driving  and 
dual  task  performance  was  first  conducted  to  assess  current  thinking  about 
the  topic.  Taxonomic-based  data  were  collected  from  27  survey 
respondents  for  the  tasks  of  driving  on  city  streets,  driving  on  long 
distance  highways,  dialing  a  mobile  telephone,  and  talking  on  a  mobile 
telephone.  Data  were  analyzed,  and  each  of  the  driving  tasks  was 
compared  against  each  mobile  phone  task  using  a  compatibility  index  based 
aroimd  the  taxonomy.  Conclusions  are  reached  that  generally  suggest  some 
of  the  reasons,  from  a  human  factors  viewpoint,  why  overall  performance 
can  be  reduced  during  simultaneous  driving  and  use  of  a  mobile  telephone. 
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AN  EVALUATION  OF  SKILLS  AND  ABILITIES  REQUIRED  IN  THE 
SIMULTANEOUS  PERFORMANCE  OF  USING  A  MOBILE 
TELEPHONE  AND  DRIVING  AN  AUTOMOBILE 


INTRODUCTION 

In  today’s  technology-based  society,  new  machines  and  systems  that  would  have  been 
undreamed  of  only  a  few  short  years  ago  have  rapidly  proliferated  and  become  a  way  of  life. 
Developments  and  advances,  especially  in  the  areas  of  digital  electronics  and  micro-circuitry, 
have  spawned  subsequent  technology-based  improvements  in  transportation,  communications, 
entertainment,  automation,  and  many  other  areas,  which  would  not  have  been  possible  otherwise. 
This  rapid  “explosion”  of  new  capabilities  and  ways  of  performing  tasks  has  been  partially 
motivated  by  the  philosophy  that  if  it  is  possible  to  make  something  better  or  work  faster  or  be 
more  cost  effective  or  operate  over  greater  distances,  then  it  must  be  inherently  good  for  the 
people  who  will  use  and  benefit  from  the  new  products,  services,  systems,  and  machines 
produced  as  a  result. 

The  formal  concept  of  human-system  interface  design  has  only  emerged  this  century  as  a 
recognized  academic  discipline;  however,  the  practice  of  developing  ideas  and  concepts  for  new 
products  for  which  the  human  is  the  primary  user  and  benefactor  has  been  in  existence  since  man 
started  experiencing  cognitive  thought. 

One  example  of  a  human-system  interface  technology  for  communication  and 
dissemination  of  information  that  has  evolved  over  centuries  of  trial  and  error  development  is  the 
book.  It  is  no  accident  that  the  form  and  shape  of  today’s  book  of  are  as  they  are.  The  book’s 
optimal  configuration  was  determined  by  centuries  of  trial  and  error  until  it  has  become  readily 
usable.  This  slow  evolution  was  mirrored  by  a  rate  of  technological  evolution  that  allowed  new 
technological  advances  to  be  experimented  with  as  part  of  the  overall  use  requirement  and  need 
for  the  existence  of  the  printed  word  and  some  way  to  contain  it. 

Today,  however,  technology  is  advancing  at  such  a  rapid  rate  that  evolutionary  use 
requirements  have  no  chance  to  develop  alongside  the  fast-paced  technological  advances.  One 
result  of  this  recognition  is  the  establishment  of  disciplines  such  as  human  factors  engineering, 
which  have  stated  purposes  and  goals  of  systematic  determination  of  good  and  bad  human- 
system  interface  designs.  However,  other  results  of  this  phenomenon  are  systems  that  are 
developed  and  placed  into  public  use  simply  because  new  technology  allowed  them  to  be  made. 
This  development  can  proceed  without  a  full  appreciation  of  how  the  system  might  be  used  and. 
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perhaps  even  more  significantly,  without  regard  to  the  impact  that  the  use  of  this  new  system 
might  have  on  the  person(s)  using  it.  The  U.S.  Army  has  a  term  for  this  type  of  activity: 
“stove-piped  development.”  The  implication  of  this  term  is  that  a  system  is  developed  in 
isolation  where  the  developers  are  only  looking  “up”  and  not  “around”  and  where  they  are  thus 
concerned  only  with  how  this  system  may  work  or  be  used  for  its  own  singular  purposes  and  not 
how  it  might  be  used  in  the  larger  community  of  existing  systems  and  interfaces  or,  even  more 
importantly,  in  the  larger  community  of  other  new  systems  in  concurrent  development. 

Some  of  the  impacts  for  the  Army  are  communication  systems  that  work  exactly  as 
designed  but  are  unable  to  interface  with  other  communications  systems  in  other  domains  for 
battlefield-wide  communications  capabilities.  Having  communications  systems  that  cannot 
communicate  with  each  other  is  one  problem,  but  when  developments  in  one  industry  produce 
products  that  humans  use  or  attempt  to  use  with  products  from  totally  separate  developments  or 
industries,  the  Army’s  concept  of  product  development  resulting  from  stove-piped  design 
visions  can  have  significant  implication  on  the  use  and  operation  of  each  system  and  the  human 
operator  attempting  to  use  them. 

Many  examples  would  illustrate  this  concept;  however,  two  that  are  explored  here  are  the 
automobile  and  the  mobile  telephone.  Each  system  is  the  product  of  a  long  (for  our  generation) 
development  process  that  has  proceeded  without  any  thought  or  consideration  of  the  other  until 
recently.  The  automobile’s  existence  is  in  response  to  human  desires  for  travel  and  mobility, 
which  technology,  over  the  course  of  the  past  century,  has  been  able  to  address  through  ever 
more  advanced  mechanization.  The  entire  previous  development  of  transportation  of  the  human 
race  before  the  development  of  the  automobile  and  “cousins”  such  as  the  railroad,  depended  on 
animal-borne  locomotion  and  power.  Whether  the  power  came  from  beasts  of  burden  such  as 
mules  or  directly  from  the  human’s  own  efforts,  it  was  biology-based  power  with  all  of  its 
inherent  capabilities  and  limitations. 

Technology-based  mechanization  has  changed  all  of  that  and  has  occurred  very  quickly 
when  compared  to  the  evolutionary  scale  that  preceded  it.  Motorized  conveyances  are  the  norm 
across  the  planet,  with  the  possible  exception  of  a  few  native  tribes  still  residing  deep  in  the 
Amazon  rain  forests  or  those  who  choose  to  not  embrace  modem  technology  such  as  the  Amish 
religious  sect  found  in  Peimsylvania.  The  resulting  cataclysmic  change  of  life  style  that  is 
considered  normal  by  today’s  society  has  produced  a  mind  set  for  the  population  at  large,  which 
is  characterized  by  such  concepts  as  a  highly  mobile  daily  routine,  freedom  of  movement  to 
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proceed  at  will  over  great  distances,  and  individual  preference  generally  not  constrained  by  a  need 
to  congregate  simply  to  move  over  land  (as  in  massing  for  public  conveyances). 

Many  of  the  same  types  of  thought  processes  could  be  applied  to  the  development  of  the 
telephone  where  technology  now  allows  the  spoken  word  to  travel  farther  than  the  broadcast 
voice  power  of  the  speaker.  Initial  developments  carried  the  voice  over  electrically  stimulated 
wire,  but  concurrent  developments  in  radio  technology  and  the  digital  computer  now  allow  the 
telephone  to  operate  as  a  truly  mobile  instrument,  allowing  the  human  user  to  have  voice 
communications  with  literally  anyone  on  the  planet  while  operating  anywhere  on  the  planet.  It  is 
only  natural  that  now,  with  the  small  size  and  portability  of  the  mobile  telephone,  that  it  should 
be  carried  into  and  used  within  the  confines  of  the  automobile.  This  was  a  convergence  of  use 
patterns  and  technologies  that  was  probably  not  considered  in  previous  designs  and  application 
areas  for  either  system.  If  a  passenger  in  a  car  uses  the  phone  as  a  singular  act  while  someone 
else  is  driving  the  car,  it  is  really  not  much  different  from  using  the  phone  from  any  other  location 
or  in  any  other  situation.  However,  if  the  driver  of  the  automobile  attempts  to  use  a  mobile 
telephone  concurrently  while  driving,  then  activities  that  were  designed  into  each  system  for 
independent  human  interaction  could  cause  simultaneous  demands  to  be  placed  on  the  human 
operator  that  cannot  be  met  simultaneously.  When  this  occurs,  some  modification  of  behavior  of 
the  operator  toward  one  system  or  the  other  or  both  can  happen.  Exact  reaction  performances 
are  highly  dependent  on  the  specifics  of  the  situation  (driving  conditions,  importance  of  the 
phone  call)  and  the  individual  nature  of  the  operator  (experience  driving,  experience  with  mobile 
phone,  preferences,  performance  desires,  etc.).  Techniques  exist  to  examine  these  potential 
conflicts,  which  can  generate  unexpected  and  unpleasant  consequences  such  as  a  car  crash  that 
occurred  while  the  driver’s  attention  was  distracted  by  the  mobile  phone. 

This  report  explores  these  potential  conflicts  by  evaluating  individual  normative  cognitive 
and  motor  skills  and  abilities  required  for  the  operation  of  each  system.  By  looking  at  skills  and 
abilities  required  for  each  system  and  then  assessing  when  the  same  skill  and  ability  could  be 
demanded  from  the  operator  by  the  different  systems  at  the  same  time,  an  evaluation  will  be 
performed  to  determine,  from  a  human  performance  point  of  view,  whether  the  concurrent  act  of 
driving  an  automobile  and  using  a  mobile  telephone  is  a  desired  combination  of  activity.  Data  to 
support  these  analyses  and  conclusions  will  be  empirically  collected  from  individuals  with 
identified  experience  with  both  systems.  Demographic  correlations  of  the  data  for  age  and  gender 
groupings  will  be  performed  to  identify  tendencies  in  either  area.  Other  demographic  data  for 
experience  level  and  operator  preferences  will  be  used  to  determine  if  either  of  these  factors  plays 
a  role  on  the  demand  requirements  placed  on  the  operator  by  each  system.  Finally, 
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recommendations  based  on  the  conclusions  reached  will  be  presented  for  system  improvements 
and  possible  recommended  modifications  of  operator  habits. 


APPLICATION  OF  A  TAXONOMY  OF  HUMAN  PERFORMANCE 

With  work  first  published  in  1954,  Edwin  Fleishman  (1975)  began  what  would  become  a 
lifetime  of  effort  focused  on  the  development  of  a  taxonomic  descriptor  of  work  performance. 

The  resulting  taxonomy  (Fleishman  &  Quaintance,  1984)  presents  a  set  of  skills  and  abilities  that 
can  be  used  to  describe  human  performance  characteristics  in  any  general  work  situation. 
Fleishman  stated  (1975, 1978)  that  some  kind  of  taxonomy  of  human  performance  is  required, 
which  provides  an  integrative  framework  and  common  language  applicable  to  a  variety  of  basic 
and  applied  areas.  He  further  stated  that  predictions  and  generalizations  about  human 
performance  appear  to  be  enhanced  by  some  linkage  of  task  classification  systems  based  on 
human  abilities  and  task  characteristics.  In  1988,  Fleishman  quoted  1947  work  by  others  with  the 
observation  that  apparatus  tests  of  perceptual  motor  abilities  had  been  found  to  have  considerable 
validity  for  predicting  the  success  of  pilots  and  bombardiers  in  completing  training  during  World 
War  II.  Comments  by  others  point  out  that  Fleishman’s  work  tends  to  be  neglected  in  the 
mainstream  of  human  information  processing  research,  perhaps  because  the  skills  and  abilities  in 
the  taxonomy  are  only  based  on  factor  analyses  and  are  void  of  any  process  description. 

However,  the  tests  used  by  Fleishman  to  develop  the  taxonomy  belong  to  the  same  type  of 
performance  tests  that  are  studied  in  Wickens’  more  accepted  dual  task  experiments  and  therefore 
deserve  closer  scrutiny  (Sanders,  1997).  There  have  been  many  attempts  in  the  human  factors 
community  to  develop  similar  descriptions  of  human  performance,  and  while  this  taxonomy  may 
not  be  generally  accepted  by  all  for  every  attempt  at  evaluations  of  human  performance,  it  does 
provide  a  set  of  skill  and  ability  descriptors  that  are  heavily  weighted  to  cognitive  performance. 

Previous  work  at  the  U.S.  Army  Research  Laboratory  (ARL)  (Knapp,  1996,  1997; 

Kanpp  et  al.,  1997a  through  1997c;  Schipani  et  al.,  1998)  and  the  U.S.  Army  Research  Institute 
(ARI)  (Seven,  Akman,  Muckier,  Knapp,  &  Bumstein,  1991)  identified  a  job  skill  and  ability 
taxonomy  (Fleishman,  1984;  Fleishman  &  Quaintance,  1984),  which  showed  promise  to  provide 
the  basis  for  workload  scaling  in  Army  battalion  level  C2  modeling  efforts.  This  taxonomy 
consists  of  52  skills  and  abilities  that  include  mental  processing,  sensory  perception  and  fine  and 
gross  motor  skills.  The  selection  of  this  taxonomy  was  influenced  by  its  detailed  decomposition 
of  mental  abilities  and  the  existence  of  behaviorally  anchored  rating  scales  (Knapp  et  al.,  1997b). 
Subsequently,  50  of  the  52  skills  and  abilities  from  the  taxonomy  were  adopted  to  support  work 
that  was  performed  for  the  U.S.  Army  Intelligence  Center  at  Fort  Huachuca,  Arizona.  This  work 
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sought  to  determine  basic  soldier  training  requirements  needed  to  provide  requisite  skills  and 
abilities  for  various  military  occupational  specialties  (MOSs)  at  the  Intelligence  Center’s  basic 
soldier  training  units.  As  shown  in  Figure  1,  the  taxonomy  was  grouped  into  eight  demand 
categories  (reasoning,  speed  loaded,  conceptual,  communications,  visual,  auditory,  psychomotor, 
and  gross  motor).  From  Knapp  (1997b),  “Each  skill  and  ability  has  an  associated  behaviorally 
anchored  rating  scale  that  ranges  from  ‘  1’  for  a  very  low  level  demand,  to  ‘7’  for  the  highest 
demand.  Definitions  for  all  50  skills  and  abilities,  along  with  their  behaviorally  anchored  scales, 
are  documented  in  Seven  et  al.  (1991).”  The  original  use  of  the  taxonomy  was  supported  by  a 
manual  data  collection  instrument  called  the  job  comparison  and  analysis  tool  (JCAT)  as 
documented  by  Seven.  Knapp  used  this  in  1996  to  investigate  skill  and  ability  requirements  for 
the  96B  MOS  for  the  Army  and  for  nurses’  requirements  in  hospital  emergency  rooms.  As  more 
experience  was  gained  with  the  taxonomy,  it  was  decided  to  automate  it  into  a  computer-based 
tool  (Knapp  &  Tillman,  1998).  This  new  tool  was  named  the  job  assessment  software  system 
(JASS)  and  capitalizes  on  computer  technology  by  implementing  logic  decision  tree  structures  to 
determine  which  skill  and  ability  would  be  queried  to  the  survey  respondent,  based  on  initial 
task-based  question  responses. 
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Figure  1 .  Skills  and  abilities  taxonomy. 
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JASS  DATA  COLLECTION  INSTRUMENT 


JASS  runs  on  IBM-compatible  PC  computer  systems  with  Pentium®  processors  running 
Microsoft  Windows™  95  or  later.  JASS  allows  multiple  tasks  to  be  queried  for  each  skill  and 
ability  and  has  built-in  capabilities  to  reduce  the  raw  data  collected  from  a  survey  pool  to  mean 
values  with  indicated  standard  deviations,  thus  making  them  ready  for  immediate  analytical  use 
after  data  collection  is  finished.  The  JASS  data  are  stored  in  Microsoft  Access™  database  format 
that  includes  data  tables  containing  the  job  assignments,  questions,  behaviorally  anchored  scales, 
raw  scores,  and  reduced  results.  If  desired,  other  questions  can  be  added  to  the  question  and 
scales  tables  to  collect  data  to  either  augment  the  skill  and  ability  data  or  to  gather  additional 
information  such  as  magnitude  estimation  opinion  responses  from  the  respondent  for  other 
analytical  purposes. 

Each  question  and  answer  sequence  in  JASS  begins  with  exploratory  questions  that 
determine  if  that  category  of  skills  and  abilities  applies  to  the  task  being  evaluated.  Once  it  has 
been  determined  that  the  task  being  evaluated  is  applicable  to  the  skill  category  being  evaluated 
(e.g.,  ORAL  COMPREHENSION),  then  questions  are  presented  that  query  for  a  magnitude  of 
application  responses  from  the  survey  respondent.  Figure  2  shows  a  data  collection  screen  from 
JASS,  which  results  from  using  the  computer  mouse  to  click  on  the  “yes”  response  to  the 
exploratory  question.  These  data  collection  screens  are  all  supported  by  individual  anchors  for 
each  question  that  solicits  data  for  each  skill  and  ability  of  the  taxonomy. 

The  survey  respondent  enters  data  by  first  clicking  on  the  check  box  next  to  the  question 
with  the  computer  mouse  and  then  using  the  mouse  to  move  the  vertical  slider  on  the  scale 
labeled  from  1  (low)  to  7  (high)  to  indicate  the  desired  choice  of  1  to  7.  As  the  slider  moves  up 
and  down  on  the  anchor  scale,  the  number  in  the  box  to  the  left  of  the  check  box  automatically 
registers  a  number  of  1  to  7,  depending  on  how  far  up  the  scale  the  slider  is  moved.  The  anchors 
are  proportionally  placed  on  the  scale.  In  the  Figure  2  example,  the  bottom  “Watch  street 
signs. . .”  anchor  represents  a  scale  value  example  of  3 .0.  Work  by  Knapp,  Seven,  Tillman,  and 
others,  working  from  Fleishman’s  original  documentation,  verified  the  anchors  and  anchor 
placement  on  the  7-point  scale  in  the  performance  of  earlier  projects. 

As  shown  in  Figure  2,  the  JASS  database  configured  to  support  this  driving  versus  phone 
use  study  has  four  task-oriented  questions  related  to  driving  and  mobile  phone  use. 
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Mobile  Telephone  Use  While  0 living:  Male  Driver  25-35  veers  old 


TIME  SHARING:  The  ability  to  shift  back  and  forth  between  two  or  more  sources  of 
Information 
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High 


Keep  track  of  all  inbound  and  outbound  planes  |;< 
during  a  period  of  heavy  traffic 

fe’ 

Monitor  several  TV  channels  at  the  same  time  'X: 


Watch  street  signs  and  the  road  while  driving  at  3D  ; 

mph  I 


I 

’M 


Check  the  box  next  to  the  duty  that 
needs  this  skill.  Use  the  scale  to 
score  the  skill. 

13.8 1  Q  Driving  On  Busy  City  Streets 

|4.2 1  Q  Long  Distance  Driving  On  Interstate  Hwy 
|5.9 1  Q  Dialing  A  Mobile  Telephone 

12.8 1  |v]  Talking  On  A  Mobile  Telephone 


Figure  2.  JASS  data  collection  screen. 


The  four  job  tasks  are 

1.  Driving  on  busy  city  streets, 

2.  Long  distance  driving  on  interstate  highways, 

3.  Dialing  a  mobile  telephone,  and 

4.  Talking  on  a  mobile  telephone. 

The  two  driving  cases  are  intended  to  provide  situations  of  stressful  versus  relaxed  driving 
conditions.  Although  highway  driving  may  be  stressful  for  selected  drivers,  it  is  anticipated  that 
this  is  a  more  relaxed  case  where  automatic  speed  controls  are  employed  and  the  main  driver 
function  is  to  keep  the  car  steered  in  the  center  of  the  roadway.  The  two  telephone  job  tasks  are 
intended  to  represent  the  two  main  operator  interface  modes  with  the  mobile  phone.  The  dialing 
task  represents  all  cognitive  and  motor  activities  that  are  involved  when  the  phone  controls  are 
being  manipulated  for  any  reason.  The  talking  task  is  intended  to  represent  no  other  activity  than 
a  conversation  once  the  connection  has  been  established.  Analysis  of  the  data  will  correlate  the 
skills  and  abilities  from  each  driving  condition  to  each  phone  use  condition. 
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Preliminary  questions  in  the  JASS  survey  determine  the  driver’s  age  band  and  gender. 
The  following  age  bands  were  selected  to  see  if  the  data  presented  any  discriminations  between 
the  generally  younger  and  the  generally  older  driving  population: 

18  to  45  years  old 
45  to  65  years  old. 


Skill  and  Ability  Compatibility  Assessment 

In  1998,  Tillman  and  BCnapp  used  the  JASS  instrument  in  an  Army  study  to  investigate 
skill  and  ability  requirements  for  the  MOSs  96U,  96B,  and  96D.  They  looked  at  16  job  tasks  related 
to  work  requirements  for  each  of  the  MOSs  and  began  preliminary  work  to  identify  which  of  the  50 
skills  and  abilities  from  the  taxonomy  could  conflict  'with  each  other  when  task  demands  require 
simultaneous  attention  to  multiple  skills  and  abilities.  They  developed  a  5-index  compatibility  rating 
scale  for  each  skill  and  ability  against  each  of  the  other  49  skills  and  abilities  that  went  from  -2  to  +2, 
with  “0”  as  a  valid  index  point.  Tillman  (1997)  described  this  scale  as  follows: 

We  wanted  to  use  the  JASS  data  to  generate  a  number  that  would  rate  the 
compatibility  of  two  tasks.  Here  is  the  idea  we  were  working  with:  Simultaneous  use 
of  some  skill  pairs  can  cause  conflict  and  degrade  task  performance.  Other  skills  may 
actually  enhance  each  other. 

We  created  a  50-skill  by  50-skill  matrix  and  scored  each  cell  according  to  conflict  or 
compatibility.  Enhancing  skill  pairs  got  a  score  of  +2,  and  conflicting  pairs  got  a 
score  of  -2.  Other  skill  pairs  may  not  affect  each  other  at  all,  and  got  a  score  of  0. 

For  example,  night  vision  is  incompatible  with  glare  sensitivity.  The  matrix  score  is 
therefore  -2.  On  the  other  hand,  idea  fluency  and  originality  are  very  compatible  and 
have  a  score  of  +2.  Other  skills  with  limited  interaction  get  scores  of  -1  and  +1. 

After  we  get  the  JASS  data,  we  can  multiply  the  score  for  a  skill  in  task  A  times  the 
score  for  another  skill  in  task  B.  We  can  then  multiply  that  product  by  the  conflict 
or  compatibility  score.  For  example,  suppose  task  A  has  a  score  of  6  for  night  vision 
and  task  B  has  a  score  of  5  for  glare  sensitivity.  The  total  score  would  be  6x5x(-2)  or 
-30.  If  we  do  this  for  all  the  skill  combination  cells  and  then  total  the  cell  scores,  we 
will  have  a  single  “task  compatibility”  index. 

I  have  put  the  skill  matrix  scores  into  a  database  so  that  we  can  compute  this 
compatibility  index  for  any  task  pair  (once  we  have  the  JASS  scores).  The  idea  is  to 
be  able  to  quickly  check  task  compatibility.  We  can  use  this  information  to  distribute 
tasks  among  a  crew;  each  person  should  have  tasks  with  high  compatibility  scores. 

Or,  if  one  person  has  two  incompatible  tasks,  we  can  look  at  the  JASS  data  and  try  to 
determine  ways  to  reduce  this  incompatibility. 


Tillman  stated  that  this  work  was  preliminary  as  it  had  not  undergone  rigorous  evaluation; 
however,  it  provided  a  technique  for  comparative  analysis  of  the  large  50-  by  50-skill  and  ability 
arrays  for  each  job  task  by  direct  manipulation  of  the  JASS  skill  and  ability  information  already 
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in  the  data  set.  To  date,  the  work  is  still  developmental,  but  the  approach  is  considered  to 
represent  a  systematic  application  of  the  Fleishman  taxonomic  data  into  an  application  matrix  for 
examining  competing  skills  and  abilities  while  unrelated  tasks  are  performed.  In  Appendix  A, 

Table  A-1  shows  a  sample  of  the  data  produced  by  the  JASS  program;  Table  A-2  contains  the 
compatibility  matrix  for  the  50-  by  50-skill  and  ability  taxonomy;  Table  A-3  shows  a  sample  of 
the  compatibility  calculation  that  combines  the  matrix  with  the  JASS  data;  and  Table  A-4  shows 
compatibility  scores  for  the  entire  survey  popxxlation  normalized  from  -100  to  +100  for  the  four 
data  points  that  result  from  comparing  each  of  the  two  driving  conditions  to  each  of  the  two 
mobile  phone  conditions.  This  process  is  repeated  four  times  for  the  two  gender  and  two  age 
groupings,  and  the  results  are  presented  next. 

Analysis  of  Data 

Using  the  compatibility  process  just  described,  we  reviewed  the  data  for  the  total  survey 
population  to  identify  competing  skill  demands  in  the  various  combinations  of  performance 
tasks.  These  task  combinations  were 

City  driving  versus  dialing  a  mobile  phone. 

City  driving  versus  talking  on  a  mobile  phone. 

Highway  driving  versus  dialing  a  mobile  phone,  and 

Highway  driving  versus  talking  on  a  mobile  phone. 

In  addition,  each  performance  task  was  compared  against  itself  to  determine  competing 
and  complementing  skills  required  for  that  task.  Figure  3  shows  the  results  of  the  compatibility 
assessments  for  each  task  against  itself  to  provide  a  representative  benchmark  for  the  complexity 
of  the  task  itself  as  represented  by  performance  of  the  skills  and  abilities  in  the  taxonomy. 

The  driving  tasks  show  strong  demands  on  written  comprehension  skill  and  somewhat 
lesser  demands  on  the  vision  and  gross  motor  skill  clusters.  Significant  is  the  fact  that  the  dialing 
task  also  places  demands  on  the  vision  and  gross  motor  skill  clusters  as  well  as  some  demands  on 
written  comprehension.  Figure  4  shows  the  taxonomic  skill  demands  during  the  multi-task 
performance  of  each  driving  task  compared  against  each  mobile  phone  task. 

From  Figures  3  and  4,  it  is  apparent  that  the  multi-task  case  presents  even  more  demands  in 
areas  where  the  performance  levels  were  already  high,  such  as  in  the  vision  skill  cluster,  especially 
the  written  comprehension  skill.  A  problem  with  reaction  times  in  city  driving  was  indicated,  which 
supports  comments  from  literature.  Also,  significant  indications  show  competing  requirements  in 
audition  tasks,  which  is,  of  course,  a  primary  fimction  of  the  mobile  phone. 
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:  city  Driving  vs.  City  Driving: 

-  Strong  competing  demands: 

+  WRITTEN  COMPREHENSm 
+  ARM  HAND  STEADINESS.  ^  ^  ^ 

i  >  MULTI  UMl^  CCORDINAT^^ 

-  Good  complementing  influences  to 

+  PROBLEM  SENSITIVITY. 

+  FLEXIBILITY  OF  CLOSURE. 

^  :  +  TIMESHARING. 

+  CHOICE  REACTION  TIME. 

-  General  competition  briween  components  of  VISION  Cluster. 

-  General  competition  between  components  of  GROSS  MOTOR  Cluster. 

a 

.Highway  Driving  vs.  Highway  Driving: 

-  Strong  competing  danands  to  WRITTEN  COMPREHENSION. 

-  Goodcomplanenting  influaices  to 

+  PROBLEM  SENSITIVITY. 

+  FLEXIBILITY  OF  CLOSURE. 

-i-  SPEED  OF  CLOSURE. 

+  PERCEPTUAL  SPEED  AND  ACCURACY. 

+  TIMESHARING. 

+  CHOICE  REACTION  TIME. 

-  General  competition  betw'een  components  of  VISION  Cluster. 

-  General  competition  between  components  of  GROSS  MOTOR  Cluster. 

b 

Dialinga  Mobile  Phone  vs.  Dialing  a  Mobile  Phone: 

•  Mild  competing  demands  to 

+  WRITTEN  COMPREHENSION. 

+  GLARE  SENSITIVITY. 

!'  -  Mild  complementing  influences  to 
+  MEMORIZATION. 

+  PROBLEM  SENSITIVITY. 

+  FLEXIBILITY  OF  CLOSURE. 

+  SELECTIVE  ATTENTION. 

-  Some  competition  beftveen  components  of  VISION  Cl  usten 

-  Somecompetition between componentsofGRClSSMOTC®.Cluster. 

c 

Tdking  on  a  Mobile  Phone  w.  Talking  on  a  MohOe  Phone: 

-  Mild  competing  demands  to 

■  :+ TIME  SHARING. 

+  GENERAL  HEARING.  ; 

-  Mild  complementing  influences  to 

+  SELECTIVE  ATTENTION. 

+  GENERAL  HEARING. 

+  AUDITORY  ATTENTION. 

d 

Figure  3.  Compatibility  assessment  results. 
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Figtire  4.  Taxonomic  skill  demands  for  each  multi-task  grouping. 
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To  draw  the  analysis  to  a  climax,  the  compatibility  numbers  for  each  of  the  four 
combinations  of  multi-task  performance  for  three  variations  of  the  survey  population  were 
calculated.  In  addition  to  the  total  population,  the  survey  group  was  first  segregated  into  age 
groupings  and  then  into  gender  groupings  with  the  four  compatibility  numbers  calculated  for  each 
grouping.  The  results  are  shown  in  Figure  5. 


Phone  Versus  Driving  Skill  Competition 


j-*-  City  Driving 
I  Highway  Driving 


Figure  5.  Results  of  phone  versus  driving  skill  competition. 


The  double  vertical  bar  separates  the  dialing  and  talking  phone  tasks,  and  the  single 
vertical  lines  indicate  the  data  points  for  the  total  population,  with  lines  drawn  for  the  city 
driving  and  highway  driving  cases.  In  all  cases,  the  highway  driving  versus  talking  task 
combination  indicated  the  most  severe  competition  of  human  performance  skills.  Concerning 
gender  significance,  the  talking  task  indicated  a  much  stronger  task  demand  for  males  than  for 
females,  with  the  dialing  task  being  slightly  more  demanding  on  the  females  than  on  the  males. 
Age  discrimination  was  mixed,  with  the  dialing  task  indicating  more  difficulty  for  younger  drivers 
and  the  talking  task  showing  clear  indications  against  older  drivers.  A  point  noted  without 
comment  is  that  young  females  tend  to  show  the  least  effect  of  this  multi-task  performance 
requirement,  while  old  males  clearly  show  the  most  effect. 
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DISCUSSION 


Surveys  of  the  literature  reveal  that  a  significant  interest  is  being  placed  on  the  topic  of 
combined-cell-phone-use-while-driving  activity.  Some  of  the  literature  surveyed  by  this  study 
addressed  such  issues  as  age,  demographics,  legal  issues,  human  physiology,  safety,  dual  task 
performance,  performance  taxonomies,  and  some  technology-based  observations.  As  stated 
before,  the  act  of  driving  has  become  a  common-place  activity  in  modem  society.  It  is  observed 
that  phone  conversation  is  the  most  prominent  of  many  activities  that  motorists  engage  in  while 
driving.  However,  police  observations  of  potentially  distracting  driver  activities  also  include  such 
things  as  eating  ice  cream,  typing  on  a  laptop  computer,  bmshing  their  teeth,  flossing,  changing 
clothes,  balancing  a  pet  on  their  lap,  and  switching  positions  in  the  front  seat,  among  other  things 
(Ahrens,  1999).  This  study  only  focuses  on  the  immediate  problem  and  leaves  attempted  review 
of  these  other  activities  to  others. 

Significance  of  Age 

The  first  complete  cellular  telephone  systems  became  operational  in  1984.  While  a 
cellular  telephone  conversation  is  no  more  distracting  than  a  conversation  of  the  same  intensity 
with  a  passenger,  all  users  of  cellular  phones  should  be  advised  not  to  engage  in  intense  phone 
conversations  while  driving  a  vehicle.  Specifically,  this  study  has  shown  that  all  forms  of  cellular 
phone  usage  lead  to  significant  decreases  in  abilities  to  respond  to  highway  traffic  situations  and 
an  increased  time  to  respond.  Further,  complex  intense  conversations  are  shown  to  cause  the 
greatest  increase  in  the  likelihood  of  the  driver  overlooking  significant  highway  traffic  conditions 
and  his  or  her  resulting  response  time.  Age  plays  a  significant  role  since  the  distracting  effect  of 
cellular  phones  among  drivers  over  50  is  two  to  three  times  as  great  as  that  for  younger  drivers 
(McKnight  &  McKnight,  1993).  Does  ability  increase  with  age,  decrease  with  age,  or  remain 
constant?  Recent  work  in  the  area  of  relating  the  aging  process  to  ability  would  indicate  that  the 
answer  to  this  question  is  “yes.”  To  which  part  the  “yes”  applies  depends  on  a  number  of 
factors.  Cross-sectional  studies  have  shown  a  clear  decrease  in  tested  general  intelligence  with 
increased  age  (Fleishman  &  Bartlett,  1969).  From  a  human  physiology  standpoint,  divided 
attention,  or  the  ability  to  attend  to  both  auditory  and  visual  stimuli  simultaneously,  declines 
with  age,  particularly  between  40  and  50  (Boff  &  Lincoln,  1988a).  Overall,  there  seems  to  be 
general  agreement  that  age  negatively  correlates  with  driver  simulator  performance.  In  driving 
simulator  tests  with  professional  taxi  drivers,  age  was  the  most  constant  predictor  of 
performance — the  greater  the  age,  the  poorer  the  performance  in  the  driving  simulator  (Edwards, 
Hahn,  &  Fleishman,  1977). 
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Physiology  Considerations 

Considering  basic  human  capabilities,  dividing  attention  between  concurrent  visual  search 
demands  generates  compensatory  performance;  as  performance  of  one  task  improves,  the 
performance  of  the  other  task  declines  (Boff  &  Lincoln,  1988c).  Also,  dividing  attention  among 
several  spatial  locations  produces  a  deleterious  effect  whereby  performance  drops  significantly  as 
the  number  of  possible  locations  increases  (Boff  &  Lincoln,  1988b).  In  the  specific  case  of 
driving  and  simultaneous  telephone  use,  when  the  interference  between  these  concurrently 
performed  tasks  was  investigated,  it  was  concluded  that  perception  and  decision  making  could  be 
critically  impaired  by  switching  between  visual  and  auditory  inputs  (Brown,  Tickner,  & 
Simmonds,  1969). 

Dual  Task  Performance 

Here,  the  literature  becomes  prolific.  Considering  the  dual  activities  of  driving  and  mobile 
telephoning,  in  tests  measuring  the  ability  of  drivers  to  follow  a  lead  vehicle  and  remain  close  to 
that  car  in  actual  traffic,  subjects  showed  a  considerable  delay  in  reaction  time  as  a  consequence 
of  the  additional  task  of  using  a  mobile  telephone  (Brookhuis,  DeWaard,  &  Mulder,  1994; 

Nilsson,  1993).  Jacoby  (1977)  points  out  that  information  overload  refers  to  the  fact  that  there 
are  limits  to  the  ability  of  human  beings  to  assimilate  and  process  information  during  any  given 
unit  of  time.  Once  these  limits  are  surpassed,  the  system  is  said  to  be  “overloaded”  and  human 
performance  becomes  confused,  less  accurate,  and  less  effective.  Whether  the  concurrent  use  of 
cell  phones  while  driving  can  cause  an  information  overload  state  can  be  debated,  but  data 
presented  later  in  this  study  indicate  cognitive  competition  between  driving  performance  and 
focused  conversations  on  the  mobile  phone. 

In  studies  of  the  effects  of  driving  performance  while  a  driver  uses  a  hands-fi-ee  mobile 
telephone,  it  was  concluded  that  an  “easy  conversation”  (2  minutes  or  less  about  general  topics) 
did  not  impair  driving  and  could,  in  some  cases,  be  considered  facilitative.  However,  a  difficult 
conversation  (2  to  5  minutes  about  subjects  that  invoked  a  test  of  working  memory  span)  could 
impair  driving  performance  significantly,  and  prolonged  manipulation  of  the  mobile  telephone 
controls  contributes  to  driver  performance  impairment,  especially  when  the  tasks  place 
significant  demands  on  driver  attention  and  skill.  While  simply  conversing  over  the  telephone 
had  the  least  effect  on  observed  behavior  during  this  test,  manipulation  of  the  equipment  while 
driving  affected  driver  performance  the  most.  This  study  concludes  that  the  driver  is  well 
advised  to  park  the  car  before  attempting  a  mobile  telephone  call,  especially  during  difficult 
driving  conditions  (Briem  &  Hedman,  1995). 


16 


Another  study  of  the  effects  of  mobile  phone  usage  on  driving  ability  showed  that 
telephoning  use  had  a  significant  effect  on  the  ability  of  the  driver  to  operate  the  vehicle. 
Observed  effects  from  concurrent  mobile  phone  use  and  driving  include  less  checking  of  the  rear¬ 
view  mirror,  increased  reaction  time  to  braking,  increased  speed  variation,  and  decreased  average 
speed.  The  conclusion  reached  was  that  empirical  evidence  supported  a  statement  that  operating 
a  mobile  telephone  while  driving  may  decrease  traffic  safety  (Brookhuis,  De  Vries,  &  De  Waard, 
1991).  Studies  of  the  effects  of  rest  and  secondary  task  performance  in  truck-driving  simulations 
showed  that  performance  with  perceived  fatigue  was  significantly  reduced  when  secondary  tasks 
involving  voice  communications  were  added  to  the  basic  driving  tasks  (Drory,  1985).  Simulator- 
based  tests  of  truck  driving  performance  found  that  complex  secondary  tasks  requiring  text 
reading  and  interpretation  resulted  in  the  greatest  impact  on  the  primary  task  of  driver 
performance  (Kantowitz,  Hanowski,  &  Tijerina,  1996). 

The  need  to  develop  driving  simulators  that  provide  a  controlled  enviromnent  for 
observing  driver  behaviors  is  the  same  as  for  any  other  human-machine  system.  These  simulators 
allow  direct  observation  of  such  driver  physiology  factors  as  vision,  audition,  proprioception, 
and  vestibular  motion  sensation,  as  well  as  task  demand  and  general  workload  level  (Allen  &  Jex, 
1980).  We  need  to  know  if  drivers  are  able  to  conduct  car  phone  conversations  as  they  would  if 
using  a  fixed  system  and  still  maintain  the  safety  margin  in  the  driving  task.  Driving  is  a  primary 
task  that  has  an  inherent  high  risk  associated  with  it.  Drivers  express  awareness  that  holding  car 
phone  conversations  involves  increased  workload  and  some  amount  of  stress,  and  studies  point 
to  significant  increases  in  response  times  when  drivers  are  engaged  in  car  phone  conversations 
(Parks,  1993).  Manual  cellular  phone  dialing  sometimes  is  as  demanding  as  manually  tuning  a 
radio,  which  is  a  conventional  task  that  has  been  associated  with  crashes  (Tijerina,  Kiger, 
Rockwell,  &  Tomow,  1995).  One  study  investigated  the  extent  to  which  personality  and  ability 
measures  predicted  the  transfer  effects  of  associative  interference  when  the  subject  shifted  to  a 
second  task  and  then  shifted  back  to  the  original  task.  Results  indicated  that  ability  measures 
predicted  performance  level  during  all  original  and  reversed  tasks,  but  personality  measures  did 
not  (Fleishman  &  Ellison,  1969). 

Abilities-oriented  job  analysis  is  concerned  with  identifying  human  attributes  necessary 
to  perform  the  job.  The  abilities  required  to  perform  a  job  are  of  paramount  importance  because 
they  are  the  link  between  the  potential  worker  and  specific  tasks  that  he  or  she  may  be  asked  to 
perform  (Wilson  &  Zalewski,  1994).  The  ability  requirements  approach  describes  a  task  in  terms 
of  the  human  abilities  required  to  perform  it,  so  that  an  entire  task  can  be  described  in  terms  of  a 
profile  of  basic  abilities,  which  accounts  for  performance  of  the  task.  This  ability  requirements 
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approach  has  been  shown  to  be  useful  for  a  variety  of  purposes,  including  predicting  and 
assessing  performance  (Mallamad,  Levine,  &  Fleishman,  1980).  Studies  of  the  ability  to  predict 
total  task  performance,  based  on  the  amount  of  prior  practice  exercised  singularly  and  collectively 
on  the  tasks  involved,  indicated  that  the  most  important  factor  was  simultaneous  practice  of  the 
tasks  involved  (Fleishman,  1965).  Attempting  to  quantify  what  is  happening,  Sanders  (1997) 
theorizes  that  it  is  evident  that  the  main  trend  in  present-day  focusing  on  dual  tasks  and  divided 
attention  is  moving  away  from  the  concept  of  limited  capacity.  One  reason  for  this  conclusion  is 
that  problems  related  to  multiple  resources  are  identified  as  “separate  abilities”  without 
coherence  (Sanders,  1997). 

The  fact  of  the  matter  is,  however,  that  driving  an  automobile  requires  the  full  range  of 
human  capabilities,  including  perception,  decision  making,  and  motor  skills.  These  capabilities 
must  be  performed  in  a  highly  coordinated  fashion,  often  during  stressful  conditions.  The 
intrusion  of  the  mobile  telephone  into  this  human  performance  envelope  can  significantly  detract 
from  the  primary  driving  task  (Sanders  &  McCormick,  1993).  Amazingly,  some  research  test 
observation  has  actually  used  cellular  telephones  to  collect  opinion-based  data  from  drivers  while 
in  motion,  concerning  the  amount  of  stress  they  were  experiencing  while  driving.  Although  the 
test  apparatus  was  configured  to  allow  hands-free  operation  for  the  driver,  the  cognitive  task- 
intrusive  nature  of  communicating  with  another  individual  outside  the  vehicle  environment  was 
apparently  ignored,  although  such  task  trait  behaviors  such  as  “listening  to  radio  traffic”  was 
examined.  Even  though  the  study  acknowledged  that  other  research  had  shown  that 
distractibility  and  the  ability  to  divide  attention  deteriorate  with  the  age  of  individual  drivers,  it 
was  recommended  that  this  was  a  viable  way  to  collect  data  in  situ  to  observe  driver  performance 
while  being  nonintrusive  of  the  driver  communications  (Hennessy  &  Wiesenthal,  1997)!  This 
may  be  true,  but  it  ignores  the  implication  of  observational  data  contamination  because  of 
secondary  task  performance  of  conducting  the  mobile  phone  conversation. 

Safety  Concerns 

The  mobile  telephone  industry  is  rapidly  expanding,  and  proponents  have  cited  numerous 
safety  benefits  resulting  from  the  availability  and  use  of  mobile  telephones.  These  phone 
advocates  claim  that  using  a  mobile  phone  within  the  confines  of  an  automobile  constitutes  no 
more  of  a  safety  hazard  or  distraction  to  drivers  than  the  use  of  automobile  radios.  However, 
driver  performance  measured  in  vehicle  simulators  showed  a  notable  deterioration  when  drivers 
were  required  to  manually  dial  a  10-digit  number  using  a  console-mounted  phone.  Safety 
concerns  were  centered  primarily  about  the  issue  of  driver  distraction  from  the  primary  driving 
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task.  The  risk  of  injury  from  phones  striking  passengers  during  automobile  crashes  was  deemed 
relatively  insignificant  (Department  of  California  Highway  Patrol,  1987).  Safety  concerns  about 
the  use  of  mobile  telephones  while  driving  are  compared  to  similar  concerns  expressed  circa  1929 
about  the  placement  of  radio  receivers  in  automobiles.  It  was  predicted  then  that  they  would 
never  be  allowed  in  cars  and  that  laws  would  be  passed  to  enforce  that  restriction.  This  study 
indicated  that  while  manually  dialing  a  mobile  phone  placed  considerable  distractive  demands  on 
the  driver,  there  was  little  to  indicate  that  mobile  telephones  in  general  represent  a  significant 
traffic  hazard.  In  fact,  it  was  noted  that  voice-activated  dialing  and  memory  dialing  were 
considered  less  hazardous  than  tuning  a  radio. 

From  a  different  viewpoint,  many  express  the  view  that  the  use  of  the  mobile  phone  in 
emergency  situations  represented  a  significant  safety  benefit  (Billheimer,  Lave,  Stein,  Parsehgian, 
&  Allen,  1986).  However,  analysis  of  1989  and  1992  accident  databases  indicates  that  cellular 
phone  usage  accidents  are  becoming  more  prevalent.  The  conclusion  is  that  any  new  design  item 
introduced  inside  the  automobile,  which  requires  vision  from  the  driver  while  the  vehicle  is 
moving,  can  be  expected  to  increase  accident  rates  (Wierwille  &  Tjerina,  1996).  Attempting  to 
quantify  some  direct  results  of  this  type  of  activity,  one  study  showed  results  that  talking  more 
than  50  minutes  per  month  on  cellular  phones  in  a  vehicle  was  associated  with  a  5.59-fold 
increase  in  risk  of  traffic  accidents  (Violanti  &  Marshall,  1996). 

Technological  Developments 

A  major  role  of  new  technology  should  be  to  make  tasks  simpler.  However,  in  the  wildly 
competitive  telephone  market  of  today,  there  are  fierce  desires  to  market  products  with  mass- 
market  appeal,  which  are  distinctive  and  different.  As  a  result,  the  market  demands  speed  and 
novelty  that  are  often  achieved  at  the  expense  of  functionality  and  forethought  (Norman,  1988). 
In  a  multi-year  study  focused  on  investigating  human  factors  relationships  between  driving  and 
driver  information  systems,  one  system  evaluated  in  particular  was  car  phones.  In  regard  to 
mobile  phone  usage,  people  who  had  them  were  reported  as  loving  them.  Those  who  did  not 
have  them  were  concerned  about  their  use  while  driving.  Almost  no  one  indicated  that  they 
typically  stopped  to  make  a  car  phone  call  (Green,  Williams,  Serafin,  &  Paelke,  1991).  The 
benefits  of  information  technological  advances  for  such  systems  as  driver  information  displays 
and  route  guidance  services  could  benefit  drivers  both  collectively  and  individually,  as  well  as 
society  as  a  whole. 
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As  a  result  of  this  philosophy  in  Europe,  the  transport  ministers  from  the  nations  that 
belong  to  the  European  Conference  of  Ministers  of  Transport  (ECMT)  are  pushing  for 
communication  standards  and  international  public  development  of  route  guidance  and  driver 
information  systems.  Although  it  is  recognized  that  poorly  designed  vehicular  information 
systems  can  adversely  affect  driver  behavior,  the  identification  of  a  good  design  has  not  been 
specified.  However,  general  guidance  for  in-vehicle  information  systems  (IVIS)  and  cellular 
telephones  includes  such  recommendations  as  the  use  of  a  hands-free  unit,  refiaining  from  dialing 
while  driving,  becoming  proficient  in  the  use  of  communications  systems  without  having  to  look 
at  them,  and  never  attempting  to  make  written  notes  while  driving  (ECMT,  1995). 

The  telephone  industry  is  actively  involved  in  human  factors  research  designed  to  better 
interface  the  human  operator  with  the  telephone,  especially  the  mobile  phone.  Essential  user 
operations  for  mobile  phones  are  defined  as  call  initiation,  call  termination,  clearing  the  called 
number  storage  register,  and  hands-free  transfer.  Recommendations  for  improved  performance 
designs  are  being  developed,  and  many  features  such  as  “send”  and  “end”  buttons  already  exist 
on  currently  used  phones  (Hanson  &  Bronell,  1979).  A  Bell  Laboratories’  study  compares  the 
effects  of  dialing  a  mobile  telephone  to  tuning  a  car  radio.  This  effort  could  find  no  significant 
advantage  of  one  design  over  another,  although  test  subjects  expressed  concern  about  any  task 
that  would  interfere  with  the  driving  task.  Driver  preference  indicated  that  any  design  that  forces 
the  redirection  of  visual  attention  from  the  road  should  be  avoided  (Karnes,  1978). 

The  truth  is  that  drivers  of  motor  vehicles  have  anthropometric,  sensory,  perceptual, 
motor,  judgmental,  and  other  attributes  that  need  to  be  addressed  by  vehicle  designers  in  order  to 
constract  vehicles  compatible  with  human  physiology  (Mortimer,  1972). 

Legal  Implications  and  the  Driving  Population 

Bell  Laboratories’  surveys  of  driver  populations  indicated  that  most  mobile  customers 
were  business  users  who  were  competent  drivers.  Also,  most  mobile  telephone  activities  were 
perceived  to  be  in  the  same  category  as  common  automotive  tasks  such  as  tuning  a  radio  (Smith, 
1978).  In  the  years  since  this  study,  cellular  telephone  networks  have  seen  huge  expansions,  but 
the  predominance  of  business  use  today  cannot  be  substantiated.  However,  it  is  presumed  that  a 
large  business-oriented  user  population  still  exists,  and  many  businesses  are  not  providing 
insurance  liability  that  covers  the  use  of  mobile  phones  while  their  employees  drive.  This 
philosophy  is  based  on  conclusions  by  the  American  Automobile  Association  Foundation  for 
Traffic  Safety,  which  foimd  that  car  phone  use  significantly  increases  driver  reaction  time, 
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increases  driver  tendency  to  overlook  significant  traffic  conditions,  and  increases  the  tendency  for 
distraction  with  age  (Jarvis,  1994). 

CONCLUSIONS  AND  SUMMARY 

The  literature  contains  several  recurring  themes  concerning  the  act  of  using  a  cell  phone 
while  driving.  Some  of  these  themes  are  substantiated  by  this  study  that  attempts  to  answer, 
from  a  human  factors  viewpoint,  why  some  of  these  concepts  are  significant.  The  first  recurring 
theme  is  age,  with  study  after  study  presenting  evidence  that  reaction  times  and  multi-task 
performance  reaches  discernible  levels  of  decline,  especially  in  drivers  over  50.  The  most  severe 
competition  of  skills  identified  here  occurs  during  highway  driving  while  conducting  a  cognitive 
conversation  which  can  distract  the  driver  from  the  primary  task  of  highway  focus  at  high  speed. 
Significant  results  from  this  competition  are  increased  reaction  times  and  decreased  average  speed, 
both  of  which  can  contribute  to  accidents.  Gender  distinctions  are  not  well  supported  in  the 
literature,  but  this  study  shows  a  tendency  for  male  drivers  to  be  more  affected  than  females. 

In  closing,  the  literature  contains  references  that  state  that  it  is  advisable  to  pull  off  to  the 
side  of  the  road  and  stop  before  attempting  to  use  a  mobile  phone  while  driving.  The  increasing 
realization  among  the  driving  public  is  that  this  advice  is  both  pradent  and  wise.  Some  of  the 
reasons  from  a  cognitive  and  physiological  point  of  view  that  substantiate  this  assessment  have 
been  presented  here. 
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1.  Sample  of  JASS  Raw  Data 

2.  Skill  and  Ability  Compatibility  Matrix 

a.  Skills  1  through  25 

b.  Skills  26  through  50 

3.  Sample  of  Compatibility  Matrix  Calculation 

4.  Compatibility  Scores  for  Total  Survey  Population 
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Table  A-2b 


Skill  and  Ability  Compatibility  Matrk 
Fleishman’s  Taxonomy  of  Human  Performance 
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Table  A-3 


Sample  of  Compatibility  Matrix  Calculation 
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Table  A-4 

Compatibility  Scores  For  Skill  Demands  of  Driving  Versus  Mobile 
Telephone  Use-Total  Survey  Population 


Compatibility  Scores  for  Driving  aii  Automobile  and  Using  a  Mobile  Telephone 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  ADMINISTRATOR 

DEFENSE  TECHNICAL  INFO  CENTER 
ATTN  DTICOCP 

8725  JOHN  J  KINGMAN  RD  STE  0944 
FTBELVOIR  VA  22060-6218 

1  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRLCSALTA  REC  MGMT 
2800  POWDER  MILL  RD 
ADELPHIMD  20783-1197 

1  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRLCILL  TECH  LIB 
2800  POWDER  MILL  RD 
ADELPHIMD  207830-1197 

1  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRLDD  JJ  ROCCHIO 
2800  POWDER  MILL  RD 
ADELPHIMD  20783-1197 

1  DIR  FOR  PERSONNEL  TECHNOLOGIES 

DEPUTY  CHIEF  OF  STAFF  PERSONNEL 
300  ARMY  PENTAGON  2C733 
WASHINGTON  DC  20310-0300 

1  DIRECTOR 

ARMY  AUDIOLOGY  &  SPEECH  CENTER 
WALTER  REED  ARMY  MED  CENTER 
WASHINGTON  DC  20307-5001 

1  OUSD(A)/DDDR&E(R&A)/E&LS 

PENTAGON  ROOM3D129 
WASHINGTON  DC  20301-3080 

1  CODE1142PS 

OFFICE  OF  NAVAL  RESEARCH 
800  N  QUINCY  STREET 
ARLINGTON  VA  22217-5000 

1  WALTER  REED  ARMY  INST  OF  RSCH 

ATTN  SGRD  UWI  C  (COL  REDMOND) 
WASHINGTON  DC  20307-5100 

1  COMMANDER 

US  ARMY  RESEARCH  INSTITUTE 
ATTN  PERI  ZT  (DR  E  M  JOHNSON) 
5001  EISENHOWER  AVENUE 
ALEXANDRIA  VA  22333-5600 


1  DEFENSE  LOGISTICS  STUDIES 

INFORMATION  EXCHANGE 
ATTN  DIRECTOR  DLSIE  ATSZ  DL 
BLDG  12500 
2401  QUARTERS  ROAD 
FORT  LEE  VA  23801-1705 

1  DEPUTY  COMMANDING  GENERAL 

ATTN  EXS(Q) 

MARINE  CORPS  RD&A  COMMAND 
QUANTICO  VA  22134 

1  HEADQUARTERS  USATRADOC 

ATTN  ATCDSP 
FORT  MONROE  VA  23651 

1  COMMANDER 

USATRADOC 

COMMAND  SAFETY  OFFICE 

ATTN  ATOS  (MR  PESSAGNO/MR  LYNE) 

FORT  MONROE  VA  23651-5000 

1  DIRECTOR  TDAD  DOST 

ATTN  ATTGC 
BLDG  161 

FORT  MONROE  VA  23651-5000 
1  COMMANDER 

USA  OPERATIONAL  TEST  &  EVAL  AGENCY 
ATTN  CSTE  TSM 
4501  FORD  AVE 
ALEXANDRIA  VA  22302-1458 

1  USA  BIOMEDICAL  R&D  LABORATORY 

ATTN  LIBRARY 
FORT  DETRICK  BUILDING  568 
FREDERICK  MD  21702-5010 

1  HQ  USAMRDC 

ATTN  SGRDPLC 
FORT  DETRICK  MD  21701 

1  COMMANDER 

USA  AEROMEDICAL  RESEARCH  LAB 

ATTN  LIBRARY 

FORT  RUCKER  AL  36362-5292 

1  US  ARMY  SAFETY  CENTER 

ATTN  CSSC  SE 
FORT  RUCKER  AL  36362 
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NO.  OF 

£Q£1E.S  ORGANIZATION 
1  CHIEF 

ARMY  RESEARCH  INSTITUTE 
AVIATION  R&D  ACTIVITY 
ATTN  PERIIR 
FORT  RUCKER  AL  36362-5354 


NO.  OF 

COPIES  ORGANIZATION 

1  COMMANDER 

WHITE  SANDS  MISSILE  RANGE 
ATTN  TECHNICAL  LIBRARY 
WHITE  SANDS  MISSILE  RANGE  NM 

88002 


1  AIR  FORCE  FLIGHT  DYNAMICS  LAB 
ATTN  AFWAL/FIES/SURVIAC 
WRIGHT  PATTERSON  AFB  OH  45433 

1  US  ARMY  NATICK  RD&E  CENTER 
ATTN  STRNC  YBA 
NATICK  MA  01760-5020 

1  US  ARMY  TROOP  SUPPORT  CMD 
NATICK  RD&E  CENTER 
ATTN  BEHAVIORAL  SCI  DIV  SSD 
NATICK  MA  01760-5020 

1  US  ARMY  TROOP  SUPPORT  CMD 
NATICK  RD&E  CENTER 
ATTN  TECH  LIBRARY  (STRNC  MIL) 

NATICK  MA  01760-5040 

1  DR  RICHARD  JOHNSON 

HEALTH  &  PERFORMANCE  DIVISION 
US  ARIEM 

NATICK  MA  01760-5007 

1  MEDICAL  LIBRARY  BLDG  148 

NAVAL  SUBMARINE  MEDICAL  RSCH  LAB 
BOX  900  SUBMARINE  BASE  NEW  LONDON  1 
GROTON  CT  06340 

1  USAF  ARMSTRONG  LAB/CFTO 

ATTN  DR  F  WESLEY  BAUMGARDNER 
SUSTAINED  OPERATIONS  BRANCH  1 

BROOKS  AFB  TX  78235-5000 

1  ARI  FIELD  UNIT  FORT  KNOX 

BUILDING  2423  PERI  IK 
FORT  KNOX  KY  40121-5620 

1 

1  COMMANDANT 

USA  ARTILLERY  &  MISSILE  SCHOOL 

ATTN  USAAMS  TECH  LIBRARY 

FORT  SILL  OK  73503  1 

1  COMMANDER 

WHITE  SANDS  MISSILE  RANGE 

ATTN  STEWS  TE  RE 

WHITE  SANDS  MISSILE  RANGE  NM 

88002 


1  USA  TRADOC  ANALYSIS  COMMAND 
ATTN  ATRC  WSR  (D  ANGUIANO) 
WHITE  SANDS  MISSILE  RANGE  NM 

88002-5502 

1  STRICOM 

12350  RESEARCH  PARKWAY 
ORLANDO  FL  32826-3276 

1  COMMANDER 

USA  TANK-AUTOMOTIVE  R&D  CENTER 
ATTN  AMSTA  RS/D  REES 
WARREN  MI  48090 

1  COMMANDER 

USA  COLD  REGIONS  TEST  CENTER 
ATTN  STECR  TS  A 
APO  AP  96508-7850 

1  PURDUE  UNIVERSITY 

SERIALS  UNIT 
CDM  KARDEX 
1535  STEWART  CENTER 
WEST  LAFAYETTE  IN  47907-1535 

GOVT  PUBLICATIONS  LIBRARY 
409  WILSON  M 

UNIVERSITY  OF  MINNESOTA 
MINNEAPOLIS  MN  55455 

DR  HARVEY  A  TAUB 
RSCH  SECTION  PSYCH  SECTION 
VETERANS  ADMIN  HOSPITAL 
IRVING  AVENUE  &  UNIVERSITY  PLACE 
SYRACUSE  NY  13210 

DR  ANTHONY  DEBONS 
IDIS  UNIVERSITY  OF  PITTSBURGH 
PITTSBURGH  PA  15260 

DR  NANCY  ANDERSON 
DEPARTMENT  OF  PSYCHOLOGY 
UNIVERSITY  OF  MARYLAND 
COLLEGE  PARK  MD  20742 
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NO.  OF 
COPIES 

1 

1 


1 


1 

1 

1 

1 

1 

.  1 


NO.  OF 

ORQANIZATIQN  COPIES  ORGANIZATION 


DR  BEN  B  MORGAN 
DEPARTMENT  OF  PSYCHOLOGY 
UNIVERSITY  OF  CENTRAL  FLORIDA 
PO  BOX  25000 
ORLANDO  FL  32816 

LAWRENCE  C  PERLMUTER  PHD 
UNIV  OF  HEALTH  SCIENCES 
THE  CHICAGO  MEDICAL  SCHOOL 
DEPT  OF  PSYCHOLOGY 
3333  GREEN  BAY  ROAD 
NORTH  CHICAGO  IL  60064 

GENERAL  MOTORS  CORPORATION 
NORTH  AMERICAN  OPERATIONS 
PORTFOLIO  ENGINEERING  CENTER 
HUMAN  FACTORS  ENGINEERING 
ATTN  MR  A  J  ARNOLD  STAFF  PROJ  ENG 
ENGINEERING  BLDG 
30200  MOUND  RD  BOX  9010 
WARREN  MI  48090-9010 

GENERAL  DYNAMICS 
LAND  SYSTEMS  DIV  LIBRARY 
PO  BOX  1901 
WARREN  MI  48090 

DRLLOYDAAVANT 
DEPARTMENT  OF  PSYCHOLOGY 
IOWA  STATE  UNIVERSITY 
AMES  lA  50010 

DRMMAYOUB  DIRECTOR 
INST  FOR  ERGONOMICS  RESEARCH 
TEXAS  TECH  UNIVERSITY 
LUBBOCK  TX  79409 

MR  KENNETH  C  CROMBIE 
TECHNICAL  LIBRARIAN  E104 
DELCO  SYSTEMS  OPERATIONS 
6767  HOLLISTER  AVENUE 
GOLETA  CA  93117 

MR  WALT  TRUSZKOWSKI 
NASA/GODDARD  SPACE  FLIGHT  CENTER 
CODE  588.0 

GREENBELT  MD  20771 
US  ARMY 

ATTN  AVAGEDDES 
MS  YA;219-1 

MOFFETT  FIELD  CA  94035-1000 


1  DR  NORMAN  BADLER 

DEPT  OF  COMPUTER  &  INFORMATION 
SCIENCE 

UNIVERSITY  OF  PENNSYLVANIA 
PHILADELPHIA  PA  19104-6389 

1  COMMANDER 

US  ARMY  RESEARCH  INSTITUTE 
OF  ENVIRONMENTAL  MEDICINE 
NATICK  MA  01760-5007 

1  HQDA(DAPEZXO) 

ATTN  DRFISCHL 
WASHINGTON  DC  20310-0300 

1  HUMAN  FACTORS  ENG  PROGRAM 

DEPT  OF  BIOMEDICAL  ENGINEERING 
COLLEGE  OF  ENGINEERING  & 

COMPUTER  SCIENCE 
WRIGHT  STATE  UNIVERSITY 
DAYTON  OH  45435 

1  COMMANDER 

USA  MEDICAL  R&D  COMMAND 
ATTN  SGRD  PLC  (LTC  K  FRIEDL) 
FORT  DETRICK  MD  21701-5012 

1  PEO  STANDARD  ARMY  MGMT 

INFORMATION  SYSTEM 
ATTN  AS  PES  STOP  C-3 
FT  BEL  VOIR  VA  22060-5456 

1  PEO  ARMORED  SYS  MODERNIZATION 

US  ARMY  TANK-AUTOMOTIVE  CMD 
ATTN  SFAEASMS 
WARREN  MI  48397-5000 

1  PEO  COMBAT  SUPPORT 

ATTN  AMCPEOCS 
US  ARMY  TANK  AUTOMOTIVE  CMD 
WARREN  MI  48397-5000 

1  PEO  INTELLIGENCE  &  ELECTRONIC 

WARFARE 

ATTN  AMCPEOIEW 

VINT  HILL  FARMS  STATION  BLDG  197 

WARRENTON  VA  22186-5115 

1  PEO  COMMUNICATIONS 

ATTN  SFAECMRE 
FT  MONMOUTH  NJ  07703-5000 


1  PEO  AIR  DEFENSE 
ATTN  SFAF  AD  S 
US  ARMY  MISSILE  COMMAND 
REDSTONE  ARSENAL  AL  35898-5750 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  PEO  STRATEGIC  DEFENSE 

PO  BOX  15280  ATTN  DASD  ZA 
US  ARMY  STRATEGIC  DEFENSE  CMD 
ARLINGTON  VA  22215-0280 

1  PROGRAM  MANAGER  RAH-66 

ATTN  SFAEAV 

BLDG  5300  SPARKMAN  CENTER 
REDSTONE  ARSENAL  AL  35898 

1  JON  TATRO 

HUMAN  FACTORS  SYSTEM  DESIGN 
BELL  HELICOPTER  TEXTRON  INC 
PO  BOX  482  MAIL  STOP  6 
FT  WORTH  TX  76101 

1  CHIEF  CREW  SYSTEMS  INTEGRATION 

SIKORSKY  AIRCRAFT  M/S  S3258 
NORTH  MAIN  STREET 
STRATFORD  CT  06602 

1  GENERAL  ELECTRIC  COMPANY 

ARMAMENT  SYSTEMS  DEPT  RM  1309 
ATTN  HF/MANPRINT  R  C  MCLANE 
LAKESIDE  AVENUE 
BURLINGTON  VT  05401-4985 

1  OASD  (FM&P) 

WASHINGTON  DC  20301-4000 

1  COMMANDANT 

US  ARMY  ARMOR  SCHOOL 
ATTN  ATSB  CDS  (MR  LIPSCOMB) 

FT  KNOX  KY  40121-5215 

1  COMMANDER 

US  ARMY  AVIATION  CENTER 
ATTN  ATZQ  CDM  S  (MR  MCCRACKEN) 
FT  RUCKER  AL  36362-5163 

1  COMMANDER 

US  ARMY  SIGNAL  CTR  &  FT  GORDON 
ATTN  ATZHCDM 
FT  GORDON  GA  30905-5090 

1  DIRECTOR 

US  ARMY  AEROFLIGHT  DYNAMICS  DIR 
MAIL  STOP  239-9 
NASA  AMES  RESEARCH  CENTER 
MOFFETT  FIELD  CA  94035-1000 


1  PROJECT  MANAGER  SIGNALS  WARFARE 

ATTN  SFAE  lEW  SG  (ALAN  LINDLEY) 
BLDG  P-181 

VINT  HILL  FARMS  STATION 
WARRENTON  VA  22186-5116 

1  COMMANDER 

MARINE  CORPS  SYSTEMS  COMMAND 

ATTN  CBGT 

QUANTICO  VA  22134-5080 

1  DIRECTOR  AMC-FIELD  ASSIST  IN 

SCIENCE  &  TECHNOLOGY 
ATTN  AMC-FAST  (RICHARD  FRANSEEN) 
FTBELVOIR  VA  22060-5606 

I  COMMANDER 

US  ARMY  FORCES  COMMAND 
ATTN  FCDJ  SA  BLDG  600 
AMC  FAST  SCIENCE  ADVISER 
FT  MCPHERSON  GA  30330-6000 

1  COMMANDER 

I  CORPS  AND  FORT  LEWIS 
AMC  FAST  SCIENCE  ADVISER 
ATTN  AFZHCSS 
FORT  LEWIS  WA  98433-5000 

1  HQ  III  CORPS  &  FORT  HOOD 

OFFICE  OF  THE  SCIENCE  ADVISER 

ATTN  AFZFCSSA 

FORT  HOOD  TX  76544-5056 

1  COMMANDER 

HQ  XVIII  ABN  CORPS  &  FORT  BRAGG 
OFFICE  OF  THE  SCI  ADV  BLDG  1-1621 
ATTN  AFZAGDFAST 
FORT  BRAGG  NC  28307-5000 

1  SOUTHCOM  WASHINGTON  FIELD  OFC 

1919  SOUTH  EADS  ST  SUITE  L09 
AMC  FAST  SCIENCE  ADVISER 
ARLINGTON  VA  22202 

1  HQ  US  SPECIAL  OPERATIONS  CMD 

AMC  FAST  SCIENCE  ADVISER 
ATTN  SOSD 

MACDILL  AIR  FORCE  BASE 
TAMPA  FL  33608-0442 

1  HQ  US  ARMY  EUROPE  AND  7TH  ARMY 

ATTN  AEAGXSA 
OFFICE  OF  THE  SCIENCE  ADVISER 
APOAE  09014 
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NO.  OF 

COPTF.S  ORGANTZATTON 


NO.  OF 

COPIES  ORGANIZATION 


1  COMMANDER 

HQ  2 1ST  THEATER  ARMY  AREA  CMD 
AMC  FAST  SCIENCE  ADVISER 
ATTN  AERSA 
APOAE  09263 

1  COMMANDER 

HEADQUARTERS  USEUCOM 
AMC  FAST  SCIENCE  ADVISER 
UNIT  30400  BOX  138 
APO  AE  09128 

1  HQ  7TH  ARMY  TRAINING  COMMAND 

UNIT  #28130 

AMC  FAST  SCIENCE  ADVISER 
ATTN  AETTSA 
APOAE  09114 

1  COMMANDER 

HHC  SOUTHERN  EUROPEAN  TASK  FORCE 
ATTN  AESE  SA  BUILDING  98 
AMC  FAST  SCIENCE  ADVISER 
APOAE  09630 

1  COMMANDER 

US  ARMY  PACIFIC 

AMC  FAST  SCIENCE  ADVISER 

ATTN  APSA 

FT  SHATTER  HI  96858-5L00 

1  COMMANDER 

US  ARMY  JAPAN/IX  CORPS 
UNIT  45005  ATTN  APAJ  SA 
AMC  FAST  SCIENCE  ADVISERS 
APOAP  96343-0054 

1  AMC  FAST  SCIENCE  ADVISERS 

PCS  #303  BOX  45  CS-SO 
APO  AP  96204-0045 

1  MS  DIANE  UNGVARSKY 

HHC  2BDE  lAD 
UNIT  23704 
APOAE  09034 

1  CDR  &  DIR  USAE  WATERWAYS 

EXPERIMENTAL  STATION 
ATTN  CEWES  IM  MI  R  (A  S  CLARK) 

CD  DEPT  #1153 

3909  HALLS  FERRY  ROAD 

VICKSBURG  MS  39180-6199 


1  DRSEHCHANGHAH 

DEPT  OF  BEHAVIORAL  SCIENCES  & 
LEADERSHIP 
BUILDING  601  ROOM  281 
US  MILITARY  ACADEMY 
WEST  POINT  NEW  YORK  10996-1784 

1  US  ARMY  RESEARCH  INSTITUTE 

ATTN  PERI  IK  (DOROTHY  L  FINLEY) 
2423  MORANDE  STREET 
FORT  KNOX  KY  40121-5620 

1  US  MILITARY  ACADEMY 

MATHEMATICAL  SCIENCES  CENTER  OF 
EXCELLENCE 

DEPT  OF  MATHEMATICAL  SCIENCES 
ATTN  MDNA  MAJ  M  D  PHILLIPS 
THAYER  HALL 
WEST  POINT  NY  10996-1786 

1  i4aic/dxla 

4180  WATSON  WAY 
WRIGHT  PATTERSON  AFB  OH 
45433-5648 

1  CDR  HQ  USAAMCOM 

ATTN  AMSRL  HR  MI  (DAN  FRANCIS) 
BLDG  5678 

REDSTONE  ARSENAL  AL  35898-5000 

1  ARL  HRED  AVNC  FIELD  ELEMENT 

ATTN  AMSRL  HR  MJ  (R  ARMSTRONG) 
PO  BOX  620716  BLDG  514 
FT  RUCKER  AL  36362-0716 

1  ARL  HRED  MICOM  FIELD  ELEMENT 

ATTN  AMSRL  HR  MO  (T  COOK) 
BUILDING  5400  ROOM  C242 
REDSTONE  ARSENAL  AL  35898-7290 

1  ARL  HRED  USAADASCH  FLD  ELEMENT 

ATTN  AMSRL  HR  ME  (K  REYNOLDS) 
ATTN  ATSACD 
5800  CARTER  ROAD 
FORT  BLISS  TX  79916-3802 

1  ARL  HRED  ARDEC  FIELD  ELEMENT 

ATTN  AMSRL  HR  MG  (R  SPINE) 
BUILDING  333 

PICATINNY  ARSENAL  NJ  07806-5000 

1  ARL  HRED  ARMC  FIELD  ELEMENT 

ATTN  AMSRL  HR  MH  (C  BIRD) 

BLDG  1002  ROOM  206B 
FT  KNOX  KY  40121 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  ARLHRED  CECOM  FIELD  ELEMENT 
ATTN  AMSRLHRML(J  MARTIN) 

MYER  CENTER  RM  3C214 
FT  MONMOUTH  NJ  07703-5630 

1  ARL  HRED  FT  BELVOIR  FIELD  ELEMENT 
ATTN  AMSRL  HR  MK  (P  SCHOOL) 

10115  GRIDLEY  ROAD  SUITE  1 14 
FORT  BELVOIR  VA  22060-5846 

1  ARLHRED  FT  HOOD  FIELD  ELEMENT 

ATTN  AMSRL  HR  MV  HQ  TEXCOM 
(E  SMOOTZ) 

91012  STATION  AVE  ROOM  111 
FT  HOOD  TX  76544-5073 

1  ARLHRED  FT HUACHUCA FLD  ELEMENT 

ATTN  AMSRL  HR  MY  (B  KNAPP) 
GREELY  HALL  (BLDG  61801  RM2631) 
FORT  HUACHUCA  AZ  85613-5000 
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